Context: A torso-elevated side support (TESS) has previously been described for measuring endurance of the lateral trunk muscles. In some individuals, however, TESS performance may be hindered by upper extremity pain or fatigue. For this reason a novel test, the feet-elevated side-support test (FESS), was examined. Objective: To determine intersession reliability of a FESS and a TESS on the left and right sides using a single examiner, to evaluate the relationship between tests, and to compare reasons for test termination. Design: Nonexperimental prospective repeated measures. Setting: University laboratory. Participants: A convenience sample of 60 healthy participants from a university community (17 men, 43 women; age 21.1 ± 2.2 y; height 169.9 ± 9.5 cm; weight 67.1 ± 11.9 kg). Results: Intraclass correlation coefficient between 3 testing sessions = .87 with right FESS, .86 with left FESS, .78 with right TESS, and .91 with left TESS. Pearson correlation coefficients ranged from .59 (between left FESS and left TESS in women) to .75 (between left FESS and left TESS in men). Upper extremity pain or fatigue was the reason given for test termination in 42.5% of participants during the TESS and 5.0% during the FESS (P = .000, Fisher exact test). Conclusions: FESS and TESS had comparable intersession reliability by the same evaluator. Moderate to high correlations were found between FESS and TESS scores, suggesting that the tests assess similar qualities. Far fewer participants terminated the FESS because of upper extremity pain or fatigue. Thus, the FESS may be a suitable alternative to the previously validated TESS, particularly for individuals with upper extremity pain or weakness.
Multiple studies have linked low back pain to aberrant trunk-muscle performance. [1] [2] [3] [4] [5] Diminished trunkmuscle endurance, in particular, has been implicated as a predictor of future low back problems. [6] [7] [8] [9] [10] Likewise, individuals with recurrent low back pain have been shown to have considerably less trunk-muscle endurance than healthy individuals. 5, 11 Various clinical tests of trunkmuscle endurance have been described. 10, 12, 13 McGill and colleagues 14 recommended the use of a side-support (or side-bridge) test for the lateral musculature. This assessment, referred to in this article as the torso-elevated side-support test (TESS), has been shown to challenge the quadratus lumborum and the oblique abdominal muscles without imposing deleterious compressive or shear loads to the passive spinal tissues. 15, 16 Reliability of the TESS has been reported to be good to excellent in different investigations, with reliability coefficients of .96 for the right and .99 for the left 14 and intraclass correlation coefficient (ICC) values of .76 to .89 on the right and .89 to .91 on the left. 17, 18 Accordingly, the TESS has since been used in numerous investigations. [19] [20] [21] [22] [23] One reported disadvantage of the TESS is that some individuals terminate the test because of upper extremity fatigue or pain. 21 Thus, we have experimented with methods to assess lateral trunk-muscle endurance that do not rely as much on the upper extremity. In this report, we discuss one of these methods, a feet-elevated sidesupport test (FESS), and report findings for this test, as well as for the TESS in a group of healthy subjects. Our objectives were threefold: to determine the test-retest reliability of both tests with one examiner, to assess the strength of the correlation between FESS and TESS scores, and to compare reasons for test termination. We hypothesized that the reliability of the FESS and TESS would be comparable, that the correlation between FESS and TESS test scores would be high, and that a large number of participants would terminate the TESS because of shoulder, elbow, or arm-related fatigue or discomfort.
Methods

Subjects
A convenience sample of 60 healthy participants (43 women, 17 men) was recruited from a university community (Table 1) . They were interviewed before the study, and individuals with significant back, abdominal, or shoulder pain or injury during the previous 12 months were excluded. All participants provided written informed consent in accordance with the university's institutional review board guidelines.
Procedures
Each participant performed the FESS and TESS on the right and left sides (separately), with the test side defined as the side facing the mat. All testing was performed on a low mat table by the principal investigator. To reduce fatigue effects, the TESS and FESS were performed 1 week apart. Testing order and testing side were randomized. Hold times were measured with a digital timer (West Bend Co, West Bend, WI). An adjustable alignment device was constructed using a pair of 3-mm-diameter aluminum rods press-fit vertically into wooden bases and a pair of 3-mm-diameter horizontal rods (Figure 1 ). The superior horizontal rod was fixed to the vertical ones, while the inferior horizontal rod was height adjustable. A pair of O-rings on the vertical rods allowed the adjustable horizontal rod to remain at a designated height.
Before performing the FESS, the participant's head and shoulders rested on the mat and the feet were elevated on a 15-cm metal step stool with the superior foot placed in front (Figure 2) . A 15-cm step stool was found to provide the best compromise between testing comfort and perceived muscular challenge during pilot testing. Participants wore socks, but not shoes, during testing. The stool was padded with a pillow for comfort. Both arms were folded across the chest. Participants were repositioned as necessary to ensure that their torso and hips were neither flexed nor extended. The horizontal reference rod of the alignment device was adjusted until it contacted the greater trochanter of the top leg and then fixed at this height ( Figure 2 ). After the reference rod had been aligned, participants rested in side-lying for 30 seconds to ensure adequate recovery for testing. They then assumed the FESS position and attempted to maintain contact with the reference rod for as long as possible. The test was terminated when contact with the rod was lost for longer than 2 seconds or when the participant lowered to the mat.
The TESS was performed as described by McGill et al. 14 Participants moved from a side-lying position to a torso-elevated position while supporting themselves on 1 elbow and forearm ( Figure 3 ). The upper leg was crossed in front of the lower leg to provide more stability. The non-weight-bearing arm was held across the chest and the hand placed on the opposite shoulder. As with the FESS, participants were repositioned to ensure that their torso and hips were neither flexed nor extended. The alignment device was used in the same manner as with the FESS, although the reference rod was fixed at the height of the superior iliac crest for the TESS.
Participants were asked, "Why did you stop the test?" immediately after each test, and their reasons for test termination were recorded. To examine test-retest reliability of each test, a subgroup of 10 participants volunteered for 2 additional testing sessions, 1 week apart over 4 consecutive weeks (Table 2) . Thus, the subgroup performed the FESS and TESS 3 times on each side, and these repeated measures were used to assess intersession test reliability. Three repeated measures have been used to determine intersession test reliability in certain previous investigations of trunk endurance. 17, 18 
Statistical Analysis
Means and standard deviations (SD) were calculated for each test. ICCs were calculated from the subgroup test-retest data. Pearson product-moment correlation coefficients were obtained to determine relationships between the FESS and the TESS. The power of each correlation was calculated post hoc for the entire sample (N = 60) and for the test-retest subgroup (n = 10). A Fisher exact test was used to determine if the reasons for test termination for the gender and side-pooled data were different between the FESS and the TESS. The SPSS 
Results
Mean hold times are presented in Tables 3 and 4 . Reliability of both tests was good to excellent, 24 with ICCs ranging from .78 to .91. Statistical power with an ICC Table 5 ). Power with a correlation coefficient of .59 was 99.98% and for a correlation coefficient of .75 was 100%. Upper extremity pain or fatigue was the reason given for test termination in 42.5% of participants during the TESS and 5.0% during the FESS (Table 6 ), a difference that was statistically significant (2-tailed P = .000). Side or hip fatigue was the reason given for test termination in 67.5% of participants during the FESS and 45.8% during the TESS, a difference that was statistically significant (2-tailed P = .0316).
Discussion
To our knowledge, this is the first time that the FESS has been described as a test of lateral trunk-muscle endurance. We found comparable reliability with this test and the TESS across 3 testing sessions measured by 1 evaluator. Differences in mean scores between the 3 testing sessions were nominal ( Table 4) , suggesting that practice, or learning, effects were minimal. Correlations between results of the FESS and the previously validated TESS were moderate to high ( Table 5 ), suggesting that the tests measure similar variables. Thus, the FESS may also be a valid test of lateral trunk-muscle endurance. Consistent with our hypothesis, a larger percentage of participants reported that they stopped the TESS because of upper extremity pain or fatigue than with the FESS (Table 6 ). Reports of upper extremity pain or fatigue were more common in the male participants, although the reasons for this are unclear. Arm dominance did not appear to be an influencing factor on TESS results; 24 of 60 participants had longer hold times on their dominant-arm side, 32 of 60 had longer hold times on their nondominant-arm side, and hold times were bilaterally equivalent in 4 of 60 participants. Nine of ten participants in the test-retest subgroup reported being right-arm dominant and 1 reported being left-arm dominant. Given this inequality, we were unable to assess the influence of arm dominance on test-retest reliability with any certainty.
The most common reason given for test cessation during the TESS and FESS was side pain or fatigue (Table 6 ). This finding supports our hypothesis that the lateral muscles are being challenged during both tests and furthermore suggests that both tests demonstrate similar construct validity. It remains to be seen how muscle activity differs between the TESS and FESS. McGill and colleagues 15 measured 54% (± 28%) maximum voluntary isometric contraction (MVIC) levels of muscle activation for the quadratus lumborum and 40% (± 20%) MVIC of muscle activation for the external abdominal oblique (AO) muscles in a group of healthy subjects during the TESS. Similarly, Juker and colleagues 16 reported external AO muscle activation of 43% (± 13%) MVIC and internal AO muscle activation of 36% (± 29%) MVIC during the TESS. Given that the TESS and FESS involve similar body positioning, we anticipate that quadratus lumborum and AO muscle activation during these 2 test positions are similar. This remains to be experimentally verified.
It also unknown how the FESS and TESS compare in regard to compressive and shear loading of the spinal tissues. McGill et al 15 reported that lumbar compression was approximately 2500 N during the TESS, well below the 3400-N acceptable limit of low-back compression established by the National Institute of Occupational Safety and Health. 26 Future analyses may elucidate if compressive and shear loads during the FESS are likewise below the acceptable limit.
We anticipated that the use of an alignment device would reduce methodological variations in testing position and thereby improve reliability of test-retest data. However, our ICC data were comparable to those reported previously by examiners who did not employ such a device. 17, 18 We used a 15-cm step stool for this study after experimenting with step stools and chairs of various heights during pilot testing. Initially we experimented with supporting the legs on the seat of a standard chair in an effort to approximate the inclination angle of the torso during the TESS. While this was seemingly more challenging for the lateral trunk muscles than the 15-cm stool, it produced lateral shoulder pain. The resultant pain substantially limited hold times during the FESS. With the 15-cm stool, few participants identified upper extremity pain as a limiting factor during the FESS (Table 6 ). Future investigators could study correlations between the TESS and FESS using support surfaces of different heights. 
Study Limitations
Our study had unequal proportions of male and female participants. Differences in the strength of the FESS and TESS correlations between the male and female participants may be attributable to sample-size differences or gender differences in upper extremity strength or endurance. The descriptors upper extremity pain and fatigue were combined in our study, so we are unable to determine if one of these had a greater influence on TESS results. Using an equivalent number of male and female participants in future investigations could help elucidate gender effects of arm pain or fatigue. All tests were administered by 1 investigator. Thus, the results cannot be extrapolated to multiple tester applications. Future studies should examine the interrater reliability of the FESS and TESS with multiple testers.
Conclusions
Our findings suggest that the FESS is a reliable test between sessions when administered by the same examiner. The correlations between FESS and TESS hold times were moderate to high, suggesting that the tests assess similar variables. More participants terminated the TESS due to upper extremity fatigue or pain than with the FESS. The FESS may be a suitable alternative to the TESS in individuals with upper extremity pain or weakness.
